Large antral follicles grow in waves in the ewe, with each wave triggered by a peak in serum FSH concentrations. In this study, our objectives were to determine if the slope of the rise in the FSH peak affects the ability of the peak to trigger wave emergence (experiment 1), and whether increasing serum FSH concentrations and holding them at peak concentrations would provide a stimulus for constant emergence of large antral follicles (experiment 2). In experiment 1, cyclic ewes received ovine FSH (n ¼ 6; 0.1 lg/kg, s.c.) or vehicle (n ¼ 6; control) every 6 h for 42 h. This treatment created a peak in serum FSH concentrations (P , 0.05) during the early growth phase of the first follicular wave of the interovulatory interval and enhanced the growth of follicles in that wave (P , 0.05), but did not trigger emergence of a follicular wave. In experiment 2, cyclic ewes were infused constantly with oFSH (1.98 lg/h; n ¼ 6) or vehicle (control; n ¼ 6) for 60 h starting at the time of the second endogenously driven FSH peak of the interovulatory interval. Infusion of oFSH resulted in a super-stimulatory effect, with a peak in the mean number of large follicles (!5 mm) on Day 2 after the start of FSH infusion (13 6 1.2 large follicles per ewe, 1.8 6 0.2 in control ewes; P , 0.001). In conclusion, exposing early growing antral follicles in a wave to a gradual increase in serum concentrations of FSH enhanced their growth, but did not trigger the expected new follicular wave, and infusion of a dose of oFSH within the physiological range caused a super-ovulatory response in cyclic ewes.
INTRODUCTION
In the ewe, ovarian antral follicular growth occurs in a wave-like pattern [1] [2] [3] [4] [5] [6] [7] , which is defined as the emergence and growth of one to three follicles from a pool of small follicles (1-3 mm in diameter) and their growth to !5 mm in diameter [8] [9] [10] . These follicles may remain in a static phase before regression (anovulatory waves) or ovulation (ovulatory waves) [1, 9] . Emergence of each follicular wave is preceded by a transient peak in serum concentrations of follicle-stimulating hormone (FSH), which lasts for 3-4 days, and is considered the signal for emergence of the wave [2, 4, 8, 9, [11] [12] [13] .
Truncation of endogenous FSH peaks by treatment with estradiol resulted in disappearance of follicular waves in cyclic ewes [14] . Moreover, treatment of ewes with a physiologic dose of exogenous ovine FSH (oFSH) to create an FSH peak during the interwave interval resulted in emergence of a new follicular wave, without disruption of the normal pattern of FSH peaks and follicular waves [15, 16] . The induced FSH peak resulted in a wave with normal follicle(s) in terms of growth characteristics and estradiol secretion [15] . It has been suggested that the peaks in serum FSH concentrations need to reach a specific threshold to stimulate the emergence of a follicular wave [2, 17, 18] . Although this threshold seems to be close to the zenith of the peaks in serum concentrations of FSH, individual variation in this threshold has also been noted among ewes [18, 19] .
The FSH peaks that precede the emergence of ovarian follicular waves in the ewe appear to vary in characteristics, such as peak height, duration, and the shape of the upward and downward slopes of the peak. However, peaks in serum FSH concentrations, with different characteristics, can trigger emergence of follicular waves when they reach a required threshold [2, 18] . The characteristics of FSH peaks and the growth patterns of their corresponding follicular waves do not appear to be correlated in the ewe [20, 21] . In anestrous ewes, when the amplitude of a peak in serum concentrations of FSH was doubled, by giving exogenous oFSH, the ensuing follicular wave did not differ from that seen in control ewes [16] .
In experiment 1, as part of our efforts to examine the characteristics of FSH peaks required to trigger a follicular wave, our objective was to determine if a very gradual increase in the upward slope of an FSH peak would be detected by the ovary as a proper signal to stimulate emergence of a new follicular wave. Our hypothesis was that the shape of the upward slope is not important, as long as a peak reaches a critical threshold. A peak in serum FSH concentrations could be simply defined as a temporary and gradual rise in basal concentrations to the threshold levels required for emergence of a follicular wave, since a peak usually occurs over 3-4 days. It is not clear whether a discrete peak is required to signal a single follicular wave, or merely an increase in basal concentrations of FSH to a threshold value. In experiment 2, our objective was to determine if raising basal serum concentrations of FSH to the concentrations seen at the zenith of a peak and maintaining them for several days would allow multiple follicle waves to emerge. Our hypothesis was that, once a critical threshold concentration of serum FSH concentrations is achieved, its maintenance allows continuous wave-like development of large antral follicles.
MATERIALS AND METHODS
All animal experimentation was performed according to the guidelines of the Canadian Council on Animal Care, and was approved by the University of Saskatchewan animal care committee. The cyclic, nulliparous, Western white face ewes (4-6 yr of age) used in the present experiments received daily maintenance rations of alfalfa pellets with water, and cobalt iodized salt licks available ad libitum. Ewes were kept outdoors in pens when not involved with experiments. During both experiments, ewes were housed indoors with lighting set to simulate the natural light/dark cycle (October-December). Estrus was synchronized by application of intravaginal sponges containing medroxyprogesterone-acetate (60 mg, Veramix; Up-John, Orangeville, ON, Canada) for 14 days. Experiments were conducted in the second cycle after synchronization. Estrus was detected with three vasectomized crayon-harnessed rams.
Experiment 1
Animals. Twelve healthy, cyclic ewes with a mean body weight of 81.8 6 4.7 kg were randomly divided into treatment (n ¼ 6) and control (n ¼ 6) groups.
Hormone preparation and experimental procedures. Six ewes were treated with ovine FSH (0.1 lg/kg, s.c., teri.oFSH/ig.1; Tucker Endocrine Research Institute LLC, Atlanta, GA) every 6 h for 42 h. Treatment started 24 h after ovulation. Six control ewes received injections of vehicle only. The treatment regimen was designed to create a gradual increase in serum FSH concentrations over the 42 h prior to the zenith of the second FSH peak of the interovulatory interval. Each 1 mg of oFSH used had a biological potency of FSH equivalent to 90 3 NIH-oFSH-S1, and a biological potency of LH less than 0.1 3 NIH-oLH-S1. The oFSH was prepared in saline with 0.05% BSA (w/v; Sigma, St. Louis, MO) and 50% polyvinylpyrrolidone (w/v; 100 lg oFSH per 50 ml vehicle; Sigma).
Ultrasonography. Transrectal ultrasonographic examination of ovaries was performed with high-resolution, real-time B-mode ultrasound equipment (Aloka SSD-900; Aloka Co. Ltd., Tokyo, Japan) connected to a 7.5-MHz transducer. The cable of the transducer was stiffened with a plastic sleeve. Ultrasonography was done with ewes restrained in the standing position in a head-gated cart. The examinations were done daily (starting at 0800 h), starting 2 days before the expected day of estrus. Ovulation was detected by the disappearance of large antral follicles (!5 mm in diameter) and confirmed by formation of corpora hemorrhagica and/or corpora lutea (CL) [22] [23] [24] . The number, diameter, and relative position of all follicles !1 mm in diameter and CL were sketched onto ovarian charts, and all ovarian images were recorded on digital versatile discs (DVDs; Verbatim DVDþR 163; Verbatim Corp., Charlotte, NC) with a compatible DVD recorder (LG, LRA 750; LG Electronics Inc., Canada, Mississauga, ON, Canada) for retrospective analysis of ovarian data. Ultrasonographic examination of the ovaries was continued until the identification of the emergence of the third follicular wave of the interovulatory interval studied.
Blood sampling, hormone assays, and data analysis. Blood samples (10 ml) were collected with evacuated tubes (Becton Dickinson, Rutherford, NJ) prior to each ultrasound examination and at 0800, 1400, 2000, and 0200 h from 24 h before the first treatment to 48 h after the last treatment, and every 12 h for another 48 h. Serum was harvested from samples and stored at À208C until assayed. Serum samples were analyzed for circulating concentrations of FSH [25] and estradiol (samples taken daily [26] ) by validated radioimmunoassays. The sensitivities of the assays (defined as the lowest concentration of hormone capable of significantly displacing labeled hormone from the antibody; unpaired t-test, P , 0.05) were 0.1 ng/ml for FSH and 1pg/ml for estradiol. For reference sera with mean FSH concentrations of 0.45 or 3.28 ng/ml, the intra-and interassay coefficients of variation (CVs) were 9.5% or 2.8% and 12.6% or 4.4%, respectively. For estradiol, the intra-and interassay CVs for reference sera with mean concentrations of 7.65 or 23.12 pg/ml were 9.8% or 7.7% and 14.2% or 9.6%, respectively. Peaks in serum concentrations of FSH were determined with a cycle-detection computer program modified for Windows XP [27] . Within each peak of FSH secretion, data for all ewes in a group were aligned temporally to the mean day of the zenith of the peak for that group of ewes. To graph the data for each group of ewes, the time of the zenith of each FSH peak was normalized to the mean day of the occurrence of the peak relative to the start of treatment (Day 0). Peak serum concentrations of estradiol were calculated for each follicular wave.
Follicular data analysis. A follicular wave was regarded as a follicle or group of follicles that emerged or grew from 3 mm in diameter to an ovulatory size of !5 mm in diameter [1, 9] , with emergence restricted to a period of 24 h [9] . Data for the first and second follicular waves of the interovulatory interval studied are presented and compared. The mean day of follicular wave emergence for waves 1 and 2 were determined relative to the start of treatment (Day 0). The number of follicles in a wave represents the number of all follicles growing from 1 to 3 mm to !5 mm in diameter in each follicular wave. The lengths of the growth, static, and regression phases, maximum diameter, growth rate, and lifespan of the largest follicle in waves 1 and 2 are presented [9] . The interwave interval is defined as the interval between the time of wave emergence for two consecutive follicular waves.
Statistical analysis. Serum concentrations of FSH and estradiol in samples taken during the experiment were analyzed for effects of time and treatment by two-way repeated measures (RM) ANOVA (SigmaStat Statistical Software for Windows, Version 2.03, 1997; SPSS Inc., Chicago, IL). Two-way ANOVA was used to compare characteristics of growing follicles with main effects of treatment and wave (Table 1 ). A fixed model was applied for two-way ANOVA with a single error term (variable ¼ b 0 þ b 1 time or wave þ b 2 treatment þ b 3 time or wave 3 treatment þ e). Multiple comparisons were made by Fisher least significant difference (LSD). All values are means 6 SEM, and statistical significance was set as P , 0.05.
Experiment 2
Animals. Eleven healthy, cyclic ewes with a mean body weight of 80.6 6 3.3 kg were randomly divided into treatment (n ¼ 6) and control (n ¼ 5) groups.
Hormone preparation, experimental procedures, and ultrasonography. Ovine FSH (teri.oFSH/ig.1) was infused intravenously to six ewes for 60 h. Ovine FSH was prepared in saline (66 ng/ml) with 0.05% BSA (w/v; Sigma). Infusion started 3 days after ovulation, with an infusion rate of 0.5 ml/min. Peristaltic pumps (Pharmacia P-3; Pharmacia Fine Chemicals, London, UK) were used for infusion of oFSH, and were connected to the left jugular vein of the ewes via indwelling jugular catheters (vinyl tubing, 1.00 mm inner diameter 3 1.50 mm outer diameter, 530070; Biocorp Australia Propriety Ltd., Huntingdale, Australia). All ewes were restrained in individual carts during the infusion, with free access to food and water ad libitum. Control animals received the saline-BSA solution. Infusion with oFSH was designed to increase the basal serum concentrations of FSH to the zenith of the FSH peaks that precede follicular waves, and to maintain FSH concentrations at this level for 60 h. The infusion was timed to start prior to the second endogenously driven FSH peak of the interovulatory interval, and to last as long as the endogenous Indicates day relative to the start of treatment (Day 0). a,b Different superscript letters within a row denote a significant difference (P , 0.05).
peak. Transrectal ovarian ultrasonographic examination was done daily, starting 2 days before the expected time of estrus and continuing until 10 days after the end of infusion.
Blood sampling, hormone assays, and data analysis. Blood samples (10 ml) were taken with evacuated tubes prior to each ultrasound examination. Samples were also taken every 6 h (4 ml) from 6 h before the start of infusion to 12 h after the end of infusion via a second indwelling jugular catheter (vinyl tubing) inserted in the right jugular vein. Cannulae were inserted 24 h before the start of infusion, and were filled with heparinized saline between the periods of intensive bleeding (1000 U.S.P. units of heparin sodium per 1 L of saline; Hepalean, Organon Teknika Inc., Toronto, ON, Canada). Serum concentrations of FSH were measured in all blood samples [25, 28] . Serum estradiol and progesterone concentrations were determined in samples taken daily [26, 29, 30] . The sensitivity of the assay for progesterone was 0.02 ng/ml. For reference sera with mean FSH concentrations of 0.93 or 3.76 ng/ml, the intra-and interassay CVs were 6.1% or 3.4% and 6.1% or 3.2%, respectively. For estradiol, the intra-and interassay CVs for reference sera with mean concentrations of 7.65 or 23.12 pg/ml were 9.8% or 7.7% and 14.2% or 9.6%, respectively. The intra-assay CVs were 4.5%, 4.9%, and 2% for reference sera with mean progesterone concentrations of 2.3, 5.1, and 23.1 ng/ ml, respectively. Peaks in serum concentrations of FSH, in samples taken daily, were determined by the cycle detection computer program [27] . The pattern of serum concentrations of FSH, estradiol, and progesterone was normalized to the day of the start of treatment.
Follicular data analysis. Due to the induced super-stimulatory response in the ovaries of the ewes infused with oFSH, it was not feasible to identify and track individual follicles over the treatment period. Therefore, the length of the growth, static, and regression phases of follicles emerging in response to treatment were not determined. The mean numbers of small (1-3 mm diameter), medium (4 mm diameter), and large (!5 mm diameter) follicles were calculated and are presented on a daily basis for the period of the experiment.
Statistical analysis. Serum concentrations of FSH, estradiol, and progesterone in samples taken during the experiment were analyzed for effects of time and treatment by two-way RM-ANOVA (SigmaStat). Two-way ANOVA was also used to assess time and treatment effects for the number of follicles in each size category. A fixed model was applied for two-way ANOVA with a
RESULTS

Experiment 1
Serum concentrations of FSH. Injection of oFSH every 6 h for 42 h starting 24 h after ovulation resulted in the occurrence of an additional FSH peak on Day 1 after the start of treatment, or 2.1 6 0.3 days earlier than the second endogenously driven peak (Day 3 after treatment started) of the interovulatory interval in oFSH-treated ewes (P , 0.05; Fig. 1 ). The induced peak occurred during the early growth phase of the first follicular wave of the interovulatory interval. In oFSH-treated ewes, serum concentrations of FSH were greater from 6 h to 48 h after the start of treatment compared with vehicle-treated ewes (P , 0.05; Fig. 1 ).
Development and characteristics of follicular waves. Injection of a low dose of oFSH every 6 h for 42 h during the growth phase of the first wave of the interovulatory interval did not induce a new follicular wave, and the time of emergence of the second expected follicular wave of the interovulatory interval occurred at the same time as in the control ewes (P . 0.05; Fig. 1 ; Table 1 ). The largest follicle in wave 1 grew faster (P , 0.05; Table 1 ) and had a greater diameter on Day 3 after emergence (Day 2 after start of treatment; P , 0.05; Fig. 1 ) in ewes that received oFSH compared with vehicle-treated ewes. The growth phase and the lifespan of the largest follicle in wave 1 were shorter in oFSH-treated ewes than in control ewes (P , 0.05; Table 1 ). The length of the interovulatory interval and the interval between the first two waves of the interovulatory interval did not differ between oFSH-and vehicle-treated ewes (P . 0.05; Fig. 1 ; Table 1 ). In both oFSHand vehicle-treated ewes, there were more follicles emerging in the first wave compared with the second wave of the interovulatory interval (P , 0.05; Table 1 ).
Serum concentrations of estradiol. Peak estradiol concentrations, corresponding to the first and second follicular waves of the interovulatory interval, did not differ between oFSH-and vehicle-treated ewes, or within each experimental group (3.9 6 0.7 or 3.4 6 0.4 pg/ml and 3.7 6 0.5 or 4.5 6 0.5 pg/ml, respectively; P . 0.05).
Experiment 2
Serum concentrations of FSH. When oFSH was infused to cyclic ewes for 60 h around the time of the second endogenously driven FSH peak of the interovulatory interval, mean serum FSH concentrations were greater in ewes infused with oFSH (3.9 6 0.2 ng/ml) compared with control ewes (2.2 Concentrations of FSH and follicular diameters are expressed as mean 6 SEM. Within each peak of FSH secretion, data for all ewes in a group were aligned temporally to the mean day of the zenith of the peak. The time of the zenith of each FSH peak was then normalized to the mean day of the occurrence of the peak relative to the start of the treatment (Day 0). Data for each follicular wave were normalized to the mean day of wave emergence. *Difference in diameter of follicles between oFSH-and vehicle-treated groups (P , 0.05). The area with the diagonal pattern indicates differences in mean serum FSH concentrations between oFSH-and vehicle-treated ewes (P , 0.05). Arrows indicate peaks in serum concentrations of FSH detected by the cycle detection computer program. The black bar on the x axis shows the duration of treatment with oFSH or vehicle (42 h).
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TOOSI ET AL. 6 0.2 ng/ml; P , 0.05). Mean serum concentrations of FSH dropped within 12 h after the end of infusion in oFSH-treated ewes to a nadir of 0.8 6 0.1 ng/ml; this was lower than the concurrent nadir in serum FSH concentrations in control ewes (1.6 6 0.2 ng/ml; P , 0.01). The duration of the FSH peak (time between the nadirs in oFSH concentrations before and after peaks in FSH serum concentrations) preceding the second follicular wave of the interovulatory interval of control ewes (3.9 6 0.4 days) did not differ from the duration of the period of elevated serum concentrations of FSH caused by infusion of FSH (4.1 6 0.3 days; P . 0.05; Fig. 2) .
Emergence of follicular waves and development of antral follicles. In ewes treated with oFSH, the mean number of large follicles (!5 mm diameter) reached a maximum on Day 2 after the start of treatment (Day 0), and then declined rapidly to Day 6 (P , 0.05; Fig. 3 ). Compared with control ewes, ewes infused with oFSH had a greater number of medium (4 mm diameter) and large (!5 mm diameter) follicles between Days 1-7 and 2-4 after the start of infusion, respectively (P , 0.05; Fig. 3 ). The mean number of small follicles (!1 mm and 3 mm diameter), calculated on a daily basis, decreased on the second day of infusion with oFSH, and remained low for 2 days in ewes that received oFSH compared with control ewes (P , 0.05; Fig. 3 ). The mean number of small follicles rebounded in ewes given oFSH, and was greater than in control ewes on Day 7 after onset of infusion.
The mean day of emergence for follicular waves 1 and 3 of the interovulatory interval did not differ between ewes infused with oFSH or vehicle (Days À3.1 6 0.1 or À2.8 6 0.3, and Days 6.2 6 0.3 or 6.0 6 0.1, respectively; P . 0.05; Fig. 4) .
CL Formation and serum concentrations of progesterone and estradiol. In addition to the CL present in the ovaries at the time of treatment, the presence of newly formed CL was also noted in the ovaries of ewes treated with oFSH between Days 4 and 9 after the start of treatment (Fig. 5) . The maximum diameter of the old and newly formed CL were 14.6 6 2.4 mm and 6.4 6 1.6 mm, respectively (P , 0.05). Mean serum progesterone concentrations gradually increased from 2 days prior to the start of treatment (Day À2) in both oFSH-and vehicle-treated ewes (Fig. 5) . Serum progesterone concentrations were greater in ewes given oFSH compared with control ewes from Days 4 to 7 after the start of treatment (P , 0.05; Fig. 5 ). In comparison to control ewes, treatment with oFSH did not result in any alteration in the mean serum estradiol concentrations in samples taken daily. Mean serum estradiol concentrations over the period of the experiment were 3.2 6 0.3 pg/ml and 3.3 6 0.3 pg/ml in oFSH-and vehicle-treated ewes, respectively (P . 0.05; Fig. 6 ).
DISCUSSION
In experiment 1 of the present study, we gave six ewes 0.1 lg/kg of oFSH in each of eight injections 6 h apart. We had intended for this treatment to create a gradual upward slope to the second endogenously driven FSH peak of the interovulatory interval. However, the treatment increased serum FSH concentrations gradually to a physiological peak on Day 1 after the start of treatment, or 2.1 days before the second endogenously driven peak of the interovulatory interval. The 
PEAKS OF FSH AND FOLLICULAR WAVES IN THE EWE
second endogenously driven peak of the interovulatory interval occurred on Day 3 after the start of treatment, and was later than we expected; therefore, we did not achieve our experimental goal for FSH treatment. However, this discrepancy in timing of FSH peaks was fortuitous, and led to an interesting observation. The ovary did not respond with a new follicular wave to the early gradual increase in serum FSH concentrations that we created, but rather the second endogenously driven peak appeared to initiate the second wave of the interovulatory interval.
In previous studies, injecting oFSH twice, with injections 8 h apart (0.5 lg/kg in each injection, s.c.), during the mid-to-late growth phase of a follicular wave, gave a single sharp or narrow peak (1.7 6 0.1 days in duration) in serum concentrations of FSH that induced a follicular wave [15, 16, 21, 22] . The amplitude of this induced peak was in the same range as those seen for endogenously driven peaks in those previous studies and in the present study [15, 16] . Peak amplitude and duration are quite variable in the ewe, as can be seen from previous studies [9, 21, 22] and in Figure 1 . The peak in serum FSH concentrations created by the two injection regimens described above induced a follicular wave during the mid or late growth phase of an endogenously driven wave, and an endogenously driven wave emerged in the growth phase of induced waves [16] . We concluded that direct follicular dominance was questionable in the ewe. However, in the present study, when the large growing follicles of wave 1 were exposed to gradually increasing serum FSH concentrations in their early-to-mid growth phase, these follicles grew faster than the comparable follicles in control ewes, reached a greater size on Day 2 after onset of treatment, and had a shorter growth phase than control ewes. We acknowledge that the significant effects of injected FSH on wave 1 in experiment 1 above were minimal but we concluded that the growth of these follicles was affected by the FSH treatment. We speculate that these follicles, which were exposed to a gradual increase in serum concentrations of FSH in their early-to-mid growth phase, could have suppressed emergence of the new follicular wave that was an expected sequel to the peak in serum concentrations of FSH that we created. This peak was certainly within the same range of amplitude, shape, and duration for endogenously driven or induced peaks seen in the present and previous studies, and that triggered follicular waves [9, 15, 16, 20, 21] . As indicated above, follicular waves can be induced by injection of oFSH to create peaks in serum concentrations of FSH of physiological amplitude and a duration as short as 1.7 6 0.1 days [21, 22] . The normal range of duration of endogenously driven peaks is 3-4.5 days [21, 22] . It would appear possible that creating a gradual peak in serum FSH concentrations in the early-to-mid growth phase of follicles in a follicular wave in cyclic ewes affected their development such that these follicles blocked the emergence of a new wave that should have followed FSH injection.
The emergence and growth of more follicles to !5 mm in diameter in the first wave compared to second wave of the interovulatory interval in the ewes of experiment 1 has not been 652 previously reported in Western white face ewes [9] . In the Western white face ewe, there is a transient increase in the number of small antral follicles in the ovary around the time of ovulation [10] . In Polypay ewes, more follicles have been shown to grow to .4 mm in diameter in the first follicular wave of the interovulatory interval; however, this effect did not seem to be induced by variation in gonadotropin secretion [4] .
In experiment 2, infusion of a dose of oFSH, within a physiological range, for 60 h around the expected time of the second FSH peak of the interovulatory interval resulted in a super-stimulatory response in the ovaries of all treated ewes, and not the rhythmic production of follicular waves as we hypothesized. Serum FSH concentrations were increased and maintained at concentrations greater than in the corresponding peak in serum FSH concentrations in control ewes. However, the increased serum concentrations of FSH during oFSH infusion were within the physiological range for the peak FSH concentrations in cyclic Western white face ewes (1.7-5.9 ng/ ml [9] ). The results of experiment 2 were unexpected and quite exciting. Ovarian follicular superstimulation/superovulation resulted from a dose of oFSH of 119 lg or 10.7 NIH-FSH-S1 units infused over 60 h. Currently used super-stimulatory regimens utilize around 180 units of NIH-oFSH-S1 or around 18 mg of porcine FSH divided into single injections on up to 4 days [31] [32] [33] [34] [35] [36] [37] [38] . Based on our present results, a dose of oFSH, within the physiological range, given constantly over only 2-3 days could produce an effective super-stimulatory tool.
The observed super-stimulatory response in experiment 2 resulted in a significant drop in the number of small follicles (1-3 mm), concurrent with an increase in the number of medium-and large-size follicles. This indicates that all members of the ovarian pool of small follicles are capable of growing when they are continuously exposed to a concentration of FSH equivalent to the peaks that precede follicular waves. It is interesting that raising serum FSH concentrations in the ewe for 60 h, to a level equivalent to the zenith of the FSH peaks that precede follicular waves, caused a large number of small follicles to advance in growth and development. This suggests that the major critical attribute of the FSH peak that precedes emergence of ovarian follicular waves is the reaching of a critical threshold value. Interestingly, we have noted in previous studies that doubling the amplitude of a peak does not increase the number of follicles in a wave or affect any characteristics of the wave [16] . Differing degrees of responsiveness of small follicles present in the ovary may determine the number of follicles entering each follicular wave in response to a discrete peak in serum FSH concentrations [8, 9] . On the other hand, discrete time-limited peaks in serum FSH concentrations could be critical in releasing a limited number of responsive small follicles into a new follicular wave if the whole pool is responsive. However, the shape and height of peaks are quite variable [9] , again emphasizing the existence of a critical threshold to induce a wave, but not helping to clarify how a peak triggers a wave containing a finite number of follicles.
Treatment of ewes with a concentration of oFSH in the physiological range in experiment 2 did not cause an increase in serum concentrations of estradiol, even though a superstimulatory effect was seen on emergence and growth of antral follicles in that experiment. Stimulatory and inhibitory effects of FSH have been noted on granulosa cell production of estradiol in the ewe [39, 40] . Estradiol production from follicular waves is lower in anestrous ewes compared with cyclic ewes, probably because the frequency of secretion of LH pulses is much lower in anestrous than cyclic ewes [8, 41] . Serum concentrations of estradiol can increase during superstimulatory treatments in the ewe, but these treatments utilize very high doses of FSH, and the preparations of FSH often have some contamination with LH [31, 35] .
It was also intriguing that, in ewes given FSH in experiment 2, the occurrence of the next endogenously driven FSH peak and emergence of the corresponding follicular wave happened simultaneously with the third FSH peak and follicular wave of the interovulatory interval in control ewes. There was no interruption in the periodicity of peaks in serum FSH concentrations or ovarian follicular waves when a period of ovarian superstimulation was induced by infusion of oFSH at the expected time of a follicular wave. The occurrence of rhythmic peaks in serum FSH concentrations has been reported in ovariectomized ewes, with those peaks having a similar interpeak interval and amplitude as those seen in ovary-intact ewes [16] . In another study, a 10-day application of estradiolreleasing implants in cyclic ewes resulted in truncation of peaks in serum FSH concentrations and interruption of follicular wave emergence; however, those truncated peaks showed a rhythmic occurrence during the treatment period [14] . There is, perhaps, an endogenous rhythm of the peaks in serum FSH concentrations that precede follicular waves in the ewe that is not influenced by ovarian follicular secretory products.
Ovulation of growing follicles in response to oFSH treatment was observed in experiment 2, in the presence of at least one functional corpus luteum. None of the induced CL reached the size of the CL of the cycle, and all had a short period of progesterone production and short lifespan. Variation in the responsiveness of large follicles (!5 mm diameter) for ovulation and/or formation of proper CL has been previously reported in the presence of a full-lifespan CL in the ewe [9, 41, 42] . This suggests a lack of LH support for ovulation and formation of the new CL. Based on results of other studies, this variation could be due to differing degrees of follicular maturation [24, [43] [44] [45] , or a differing responsiveness of follicles, with the same size and age, to gonadotrophins [46] [47] [48] . The mechanism causing ovulation in experiment 2 was unclear. With superovulation, increased estradiol and LH secretion can be seen [34, 36] , but an increased estradiol 
secretion was not seen in the present study, and our blood sampling regimen was not adequate either to allow us to fully characterize any surge secretion of LH or to completely eliminate its existence. Samples were taken every 6 h only out to Day 3 after the start of infusion, and CL were first noted in ewes anywhere from Day 4 to Day 9. Ovulation and formation of short-lived CL can occur in the ewe in the absence of a preovulatory LH surge [49] .
In conclusion, injections of oFSH every 6 h for 42 h in the early-to-mid growth phase of a follicular wave in the ewe enhanced the growth of follicles in that wave, and these follicles could perhaps have blocked the emergence of the follicular wave that was expected in response to injected FSH. In experiment 2, infusion of a dose of oFSH within the physiological range increased and maintained the basal serum FSH concentrations at concentrations in the same range as peak concentrations in cyclic ewes. This resulted in a superstimulatory/super-ovulatory response at a dose of about 17-fold lower than commercially employed super-stimulatory regimens in the ewe. Based on these results, we suggest that most of the population of small antral follicles in the ovine ovary become responsive to concentrations of FSH within a physiological range, and are cable of advancing into a follicular wave.
